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MEMORANDUM 

TO: All Recipients of the DNA Reaction Rate Handbook 
O (DNA 1948H) 

*"*2 FROM:       The Editors 

CD 
^*^ Enclosed herewith you will find a copy oi Revision Number 3 to the 
lS^ Handbook.    It is comprised of a complete revision of Chapter 24, 
K Summary of Suggested Rate Constants. 
IV 
(**\ You shculd immediately substitute the enclosed item into your copy of 

, the Handbook,  discarding the corresponding pages which they replace. 
< 

You should also enter on page iii in front of your Handbook the following 
information:     Revision No.   3; Date of Issue- September 1973; Date of 
Receipt- whatever day you receive this; and sign your name in the last 
column. 

Revision Number 2, which was expected to be issued during the summer 
of 1973 has been delayed for various reasons and will be published in 
the near future.    Thank you for your patience and cooperation. 
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CHAPTE x 
24.     SUMMARY OF  SUGGESTED  RATE CONSTANTS 

M.H. Bortner, General Electric Company 
R.H. Kummler, Wayne Stare University 

T. Baurer, General Electric Company 
(Latest Revision 1 September 1973) 

24.1   INTRODUCTION 

This chapter presents in Table 24-1 a summary of reactions, with 
suggested rate coefficients, relevant to the problems of atmospheric 
chemical recovery following a perturbation.    The present generation 
of computers permits the convenient handling of large numbers of 
reactions in relation to the solution of such problems.    Thus, one 
may now include in detailed calculations of this type, hundreds of 
individual reactions, and follow the complete histories of large num- 
bers of individual species as atmospheric constituents.    Many com- 
puter codes exist, e, g., the Keneshea code (Reference 24-1), which 
have been designed for the study of atmospheric reactions, and are 
capable of carrying out the appropriate calculations.    Such codes are 
in use at various institutes and laboratories throughout the country. 
In order to promote communications among these installations it is 
convenient to have one standard set of rate coefficients which are 
recognized universally as valid for all common purposes, e.g., the 
comparative solution of test problems, or the complementary solu- 
tion of different aspects of one large problem. 

;4.2  PRESENTATION OF REACTIONS 
AND RATE DATA 

The reactions are listed in Table 24-1 by type, in the same order 
as the reaction types given in Chapter 6 (Table 6-1); however,  the 
type numbers used are not the same in the two tabulations.    For each 
reaction type, i.e., within each section of Table 24-i, reactions are usu- 
ally listed according to the identity of the more energetic reactant, f 
and in the following order:   oxygen and nitrogen or "pure air" spe- 
cies, hydrogen species, carbon species, metallic species.    For each 
such group of species, the suborder of listing is:   monatomic,  dia- 
tomic, triatomic,  polyatomic, and complex or clustered. \ 

Wherever the author*; of the various chapters of this Handbook 
have recommended specific values for the reaction rate constants 
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or coefficients,  those values are used in Table 24-1.    However, such 
data are either uncertain or unavailable for certain reactions which 
are nevertheless considered sufficiently important to be included. 
Values of these rate constants or coefficients have been estimated, 
either by an appropriate expert, e. g., the cognisant chapter author, or 
by a committee of knowledgeable workers.    These cases are annotated 
accordingly (in the "Sources" column of the table) as either a rather 
good estimate (Est.) or a somewhat shakier "guesstimate" (Gst.) 
IT SHOULD  BE STRESSED THAT,   INASMUCH AS A SIGNIFICANT 
NUMBER OF THE REACTIONS LISTED MAY  BE CHARACTERIZED 
IN ONE  OF THESE  FASHIONS,   ONE SHOULD  BE  EXTREMELY 
CAREFUL NOT  TO CONSIDER THESE RATES AS FINAL.    In sev- 
eral cases the indicated degree of uncertainty is based on the unavail 
ability of any experimental data for the reaction considered.    Where 
this is true,  a notation to that effect is included among the applicable 
notes.   There are, perhaps, many more reactions in Table 24-1 to 
which such a designation should have been applied than has actually 
been the case. 

It may be argued by some Handbook users that many of the reac- 
tions listed are not important.    This is perhaps true under certain 
sets of conditions, in which case the reactions may be totally ignored, 
or alternatively their rates may be set equal to zero for coding pur- 
poses.    However,  under other, equally important circumstances, 
these same reactions may either contribute directly to or act as pre- 
cursors of other processes which are influential within the given 
context.    On the other hand, although the numbers of reactions arid 
species included in the table are large, there certainly are some 
important omissions as well,  since it can be anticipated that parti- 
cular reactions, not yet thought to be of any importance to the deioni- 
zation problem, or perhaps not yet even conceived of,  may be found 
in the future to play some weighty role in the overall atmospheric 
chemical scheme. 

In Table 24-1,  the rate coefficients are presented in cgs units, 
i.e.,  in sec~*, cm^ sec-*,  and cm" sec"* for one-, two-,  and three- 
body processes,  respectively.    Species densities are in rm*^ ani 
temperature in K.    The letter "M" is used to represent a collision 
partner; unless specifically noted otherwise,  it represents any pos- 
sible species present and acting as catalyst.    The numerical nota- 
tion [-x] signifies multiplication by 10"x.    Most rate functions "k" 
are represented by sets of numbers "a",  "b", and "c", which refer 
in turn to the formulation: 
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CHAPTER I 
k = a(T/300)b exp(-c/T)   , 

where 300 in the first parenthesized term is the usual reference tem- 
perature (in K), unless another Tref is designated in the table.    A 
few rate functions follow a more complex variation with temperature 
than fhat given above, or are dependent on other parameters as well, 
e.g. , local species densities.    These complex functions are presented 
in brackets,  transcending the usual format of the table.    Elsewhere, 
only the coefficient "a" is itself density-dependent rather than con- 
stant.    Here,  too,  brackets are used. 

The temperature dependence mentioned above refers in most in- 
stances to the ordinary gas-kinetic or translational temperature T 
or Tgas.    However,  certain reaction rates turn out to depend prefer- 
entially upon specialized temperatures, which are here designated 
accordingly, e. g. , the kinetic temperature of interacting electrons (Te) 
or ions (Tj), and the vibrational temperature of interacting molecules 
(Tv) or ions (Tiv) 

A high degree of uncertainty for some of the data was implied in 
preceding paragraphs <..f this discussion.    This uncertainty is parti- 
cularly appropriate to the values of the exponent "b" in the above 
mathematical expression.    For example, little or no experimental 
knowledge of the temperature dependence (to which "b" relates di- 
rectly) is available for m&ny exothermic reactions, which have been 
observed primarily at laboratory temperatures.    Moreover, most 
of the reactions included in Table 24-1 are indeed exothermic,  de- 
spite two recent trends,  viz.:   (a) an increasing emphasis within the 
atmospheric effects community Oi  the study of high-temperature 
(including endothermic) processes; and hence (b) the inclusion of 
more endothermic reactions in the present edition of the Handbook 
than in its predecessor. 

Wherever, in Table 24-1, c ? 0, it follows that th* rate constant ; 

at 300 K is unequal to the licted value of the "a" parameter; in all b 
such cases the rate constant at 300 K, k3Q0 * has been calculated * 
from the three parameters and is listed in the "Notes" column.   Such 
values are not to be construed  is implying actual measurement at 
300 X, unless specifically so stated in the table. 

Finally, it should be noted that for a few reactions, e.g. , in Sec- 
tion XX, some unusually high values of tho "a" parameters are tab- 
ulated.    These appear to fit the available data (Reference 24-2), but 

24-3 
Revision No. 3, September 1973 

ft     iwM   • ii        ^^^^^tammatmmäm^ 



DNA 1948H 

TT T 

more work is obviously needed.    In some cases the reaction products 
are uncertain,   and the noncommittal notation,   "Products",   is provided 
in the reaction equation itself,  as an alternative to any guess or "guess 
tiifiate" as to the true identities of specific products. 
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